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1 .\ A spin-valve sensor disposed between gap layers, comprising: 
i \ \ an antiferromagnetic pinning layer; 

rpinned layer disposed to one side of the antiferromagnetic pinning layer; 
a sensing layer; 

a spacet layer disposed between the pinned layer and the sensing layer; 
and . \ 

a giap layer disposed to one side of the antiferromagnetic pinning layer, the 
gap layer comprising a pluraUtV^ metallic films. 

2. The spin-valve sensoVof claim 1, wherein the gap layer comprises a 

first gap layer disposed to one side oXthe antiferromagnetic pinning layer and further 
comprising a second gap layer disposed to OTie side of the sensing layer; the first and second 
gap layers comprising a plurality of oxidized metallic films. 

3. The spin-valve sensor of claim 1, wherein the gap layer is formed of a 
plurality of in-situ oxidized metallic fihns. >i 

4. The spin- valve sensor of claim 2, wherein aNeast one of the first gap layer 
and the second gap layer is formed of an //z-situ oxidized metallic film. 

5. The spin-valve sensor of claim 2, wherein the first gap layer and the 
second gap layer are each formed of a plurality of in-situ oxidized mWUic films. 

^ 6. The spin-valve sensor of claim 2, wherein the first gap layer and the 
second gap layer are each formed of a plurality of in-situ oxidized Al metaNic films. 
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^; 7.\ The spin- valve sensor of claim 2, wherein the plurality of oxidizedmetallic 



films has a cimulative thickness in a range of between about 50 A and about 200 A. 

8. The spin-valve sensor of claim 2, wherein the plurality of oxidized 
metallic films has a cumulative thickness in a range of between about 50 A and about 200 
A. 

■ 9. The spin-vah^e sen^ of claim 2, wherein each of the plurality of films has 
a cumulative thickness of about 100 

10. The spin- valve sensor of clam 1, further a pluraUty of seed layers 
disposed to one side of the antifeiromagnetic pinning layer; the seed layers comprising an 
AI2O3 fihn, a Ni-Cr-Fe fihn and a Ni-F« fihn; theVitiferromagnetic pinning layer formed 
of a Pt-Mn film; the pinned layers former! of a Co-Fte fihn, Ru film, and a Co-Fe fihn; the 
spacer layer formed of an oxygen-doped, in-situ oxidizfed Cu film; the sensing layer 
formed of a Co-Fe fihn and a Ni-Fe film, and a cap layer^rmed of an in-situ oxidized 
metallic film. 

1 1 . The spin-valve sensor of claim 10, fiirther comprising a partially oxidized 
cap layer adjacent to the sensing layer. 
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A disk drive system comprising: 

magnetic recording disk; 
a som-valve sensor for reading data recorded on the magnetic recording 
disk, the spin-Wve seiisor comprising: 

^mtifen-omagnetic pinning layer; 

pinnedNayers formed disposed to the antiferromagnetic pinning 
layer, the magnetisations of the pinned layers substantially fixed by the 
antiferromagnetic pining layer; 

a sensmg layer ftraied of ferromagnetic films adjacent to the 
pinned layers, theWnsing Buyers configured to have an electrical resistance 
that changes in response to cftanges in magnetic flux through the sensing 



layer; and 



a cap layer disposed to oneVde of the sensing layers, the cap layer 
formed of a partially in':>iiu oxidized Vetallic fihn having a thickness in a 
range of between about 5 and about 15 

a first gap layer disposed to one side of theSantiferromagnetic pinning 
layer, the first gap layer comprising a piuraUty of oxidized metallic films; 

a second gap layer disposed to the cap layer, tha^second gap layer 
comprising a plurality of oxidized metalUc nlms; 

an actuator for moving a read/write head .f^omprisin^he spin-valve sensor 
across the magnetic recording disk in order for the spin-valveWnsor to access 
different niagnetically recorded data on the magnetic recording \Jisk; and 

a detector electrically coupled to the spin-valve sensor anil configured to 
detect changes in resistance of the spin-valve sensor caused by rot^on of the 
magnetization of the sensing layers relative to the fixed ma^etizatiofts of the 
pinned layers in response to changing magnetic fields inducei^by the niagnetically 
recorded data. 
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A method of fabricating a spin-valye sensor, the method comprising: 
forming an antiferromagnetic pinning layer; 

harming pinned layers to one side of the antiferromagnetic pinning layer; 
forA^ing sensing layers; 

formiii^ a spacer layer disposed between the pinned layers and the sensing 
layers; and 

forming a d^p layer disposed to one side of the sensing layers by 
deposition and //i-i'/Y^ oxidation of a metallic film. 

14. The method of clVm 13, §|Whej/comprising forming first and second gap 
layers, the forming first and secon<^gap ^^rs &^mprising depositing a metallic film and 
in-situ oxidizing the metallic film. 

15. The method of claim 13,Xurther comprising forming first and 

second gap layers, the forming first and sappnd gap layers comprising forming a plurality 
of oxidized metallic films. 

... \ 

16. The method of claim 15, whereip forming a plurality of oxidized 
metallic films comprises forming a pluraUty of itf-situ oxidized aluminum films, each 
having a thickness in a range of between about 5 dfid abput 1 5 A. 

17. The method of claim 13, wherein the J^eposition and in-situ 
oxidation of the metallic fibn comprises depositing the^ metallic film in a vacuum in a 
deposition module and transferring the metallic film to ^n oxidation module also in a 
vacuum and introducing an oxygen gas to the metallic fiUp in the oxidation module in a 
controlled environment. 
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\8. The method of claim 17, wherein depositing a metalUc fibn comprises 
depositin^an Al fihn, 

19. Vhe method of claim 17, wherein the deposition and in-situ oxidation of 
the metallic film Comprises DC magnetron sputtering and in-situ oxidation for a time in a 
range of between aftout 1 and about 100 minutes in an oxygen gas with a pressure in a 
range of between aboil^t 0. 1 and ^out 1 (\ Ion. 

20. The metho^l^of fclaim 17, wherdip introducing the oxygen gas 
comprises introducing the oxygen gps with a pressure in a range of between about 0.5 and 
5 Torr. 

2 1 . The method of clai^ 1 7, wherein introducing the oxygen gas 
comprises introducing the oxygen with a pressure in a range of between about 1 Torr 
and about 3 Torr. 

22. The method of claim 1 7, \Aherein introducing the oxygen gas 
comprises introducing the oxygen gas withy pressure of about 2 Torr. 

23. The method of claim 17, wherdn introducing the oxygen gas 
comprises introducing the oxygen gas for a period in a range of between about 4 and 
about 12 minutes. 

\ 

24. The method of claim 17, wherein introducing the oxygen gas comprises 
introducing the oxygen gas for a period in a range of l^etween about 6 minutes and about 
10 minutes. 
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25. TKe"method of claim 17|/sv/ierein introducing the oxygen gas comprises 
introducing the oxygen ga§"'fei;a pejiiod <tf about 8 minutes. 

26. The method of claim i7, wherein int?t)duging the oxygen gas is conducted 
at a temperature of approximately ambient room temperature. 
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